Summary
Introduction
Diet, physical activity and behavioural modification are the cornerstones of weight management. However, weight loss achieved by lifestyle modifications alone is often limited and difficult to maintain (1) (2) (3) (4) (5) . Bariatric surgery demonstrated greater weight loss and health benefits in individuals with body mass index (BMI) ≥40 kg m À2 or with BMI ≥35 kg m À2 and comorbidities (6) . In a metaanalysis of 11 studies with 796 individuals, Gloy et al. reported that compared with non-surgical treatment of obesity, bariatric surgery leads to greater body weight loss and higher remission rates of T2DM and metabolic syndrome (7) .
Bariatric surgery is underutilized because of costs and insurance coverage issues and also because of the related morbidity and mortality. Consequently, there are increasing attempts to develop minimally invasive endoscopic procedures such as endoscopic sleeve gastroplasty, aspiration therapy or intragastric balloons that may bridge the gap between medical therapy and surgery (8) . Several efficient intragastric balloons with lower complications rate were introduced (9, 10) . More recently, Food and Drug Administration approved several endoscopic weight loss devices including the Reshape, the Orbera, the Obalon and the AspireAssist (11) . Nevertheless, despite improvements in the design of the intragastric balloons, their implantation and/or removal requires endoscopic procedure under sedation, and their safety and efficacy remain questionable. Reported adverse events (AEs) included small bowel obstruction secondary to early balloon deflation, ulceration with gastrointestinal (GI) haemorrhage, gastric perforation and death (12) .
The concept of expanding non-caloric material in the stomach to produce satiety signals is a new area under investigation not yet well recognized among clinicians. Gelesis are non-systemic orally administered capsules containing small hydrogel particles. The product's manufacturers state that by cross-linking two components together, Gelesis increases satiety and reduces hunger (13) (14) (15) .
Epitomee Medical (Caesarea, Israel) has developed a novel, orally self-administered device (hereafter referred to as the Epitomee device [ED]) for induction of weight loss in patients with overweight and obesity. The ED is shown in Figure 1 . The ED components include absorbent pharmaceuticals polymers and bonding materials that self-expand in the stomach to create a pH-sensitive super absorbent gel structure. Preliminary studies using gastric scintigraphy method (16) have shown a 40% reduction during the linear phase, in the gastric emptying rate following 10 d of ED treatment in healthy patients who are normal or overweight (unpublished data).
The weight reduction mechanism of ED is thought to be similar to those of other water-soluble, fermentable fibres. We hypothesized that the rigidity of the device scaffold while mixed with ingested food is sensed by the stomach wall as if it is a large solid food mass sending satiety signals to the brain thus mimicking the stomach's 'solid food emptying pattern'. The encapsulated device may promote satiety via activation of the gut-brain axis thereby leading to weight loss. The ED mechanism of action is purely mechanical and does not involve any chemical activity. The device has no calories, and it disintegrates to small particles within 30 min in the intestine. The particles are then secreted naturally through the GI tract. Like Gelesis, Epitomee capsule will be classified as a medical device by the Food and Drug Administration.
In the feasibility unpublished clinical trial, the safety of the ED was tested over a period of 4 weeks. Sixteen patients who are overweight/obese consumed one capsule once daily with a total of more than 600 encapsulated ED consumed cumulatively, resulting in minimal side effects of discomfort, nausea and heartburn (unpublished data). Based on the initial experience, the hypothesis was that the device will be tolerated well and safely over a 12-week treatment period in patients with overweight and obesity, and a daily dose of two capsules will effectively result in patients' weight loss.
Methods

Study design and participants
A prospective, single-centre, single arm, 12-week phase II study was conducted at Assaf Harofeh Medical Center from June 2014 through August 2017. All participants provided written informed consent, and the protocol was approved by the local institutional review board of Assaf Harofeh Medical Center. Subjects were screened by means of medical history, physical examination and laboratory tests, which included complete blood count, chemistry profile, Thyroid Stimulating Hormone (TSH), insulin, lipid profile and HbA1C. All participants underwent an initial evaluation including consultations with a nutritionist and a gastroenterologist.
Participants were 25-61 years old with a BMI 27-40 kg m À2 with or without controlled hypertension and/or dyslipidaemia. Exclusion criteria included any cardiac, renal, hepatic or vascular disease, uncontrolled diabetes, inflammatory bowel disease, a history of GI surgery, Figure 1 Epitomee device self-expanding in the stomach after ingestion. AE, adverse event.
weight change of 5% within 6 months prior to study onset and any history of seizures or serious psychiatric illness. The first 22 patients enrolled underwent upper endoscopy, with routine use of conscious sedation at baseline before the first capsule intake and at the end of the study after the last capsule intake, in order to evaluate the gastric mucosa for any acute changes. The last four patients enrolled were treated with a slightly larger device prototype that had 30% more weight when fully expanded in the stomach and therefore were also examined by endoscopy.
Procedures and endpoints
Following screening, participants received ED capsule to be administered twice daily for 12 weeks. Each capsule should be swallowed with two cups of water about 30 min prior to lunch or dinner. Study visits occurred at baseline and every 2 weeks. Participants were asked to follow a hypocaloric diet (500 kcal d À1 deficit) and were advised to increase their physical activity. The diet was prescribed by the study dietician during the first visit of the patient to the clinic and was designed individually to fit the patient's daily activities. The lifestyle intervention was of light intensity and was developed in accordance with AHA/ACC/ TOS 2013 Guidelines for the Management of Overweight and Obesity in Adults. The lifestyle counselling included phone calls from a dietician every 2 weeks to discuss with the patient adherence to the diet and study protocol and to ensure that the patient is being engaged in aerobic physical activity of at least 150 min per week. Weight and vital signs were measured at each visit. Blood tests were performed at baseline, after 6 weeks of treatment and at the end of the study. Study endpoints included safety evaluation of any AEs throughout the study period and the presence of acute mucosal lesions as well as the %TBWL at 12-week post-treatment. Additional secondary endpoints included the proportion of patients with at least 5% TBWL and changes in markers of cardiometabolic risk factors.
Statistical analyses
Statistical analysis was performed to determine the device's clinical performance based on treatment efficacy and safety for various outcome measures reported during the study. The data were analysed by using basic descriptive statistics and comparison tests, where applicable. Measured variables are listed individually and, if appropriate, tabulated by descriptive statistics. To reduce bias, the primary endpoint analysis was performed using the intention-to-treat (ITT) population. Two patients who dropped out within their first week (the patients regret participation in the study) and did not show for the first follow-up visit ( Figure 2) 
Results
Seventy-eight healthy overweight and obese patients (27 < BMI < 40), 58 women (74%) and 20 men (26%), were enrolled. Patients' demographics are presented in Table 1 . Although the study protocol was intended for 12 weeks of treatment, the treatment protocol was terminated at week 10 for seven patients due to the holiday season. Two patients regret their participation and dropped in their first week into the trial.
Overall, 52 patients (67%) completed the full 12 weeks of twice daily use of ED (per protocol analysis), and 24 patients (31.5%) withdrew prematurely. Patients who dropped out consumed ED capsules up to their time point of exit from the study and are included in the mITT analysis.
Efficacy
The trajectory of weight loss is displayed in Figure 3 . The mean (±SD) TBWL of the mITT population by LOCF analysis revealed a mean TBWL loss of 3.23 ± 2.69 kg and a mean %TBWL of 3.68 ± 3.07% (mITT; P < 0.001; Table 2 ). The 52 patients who completed the full 12 weeks of treatment demonstrated a mean ± SD TBWL of 3.95 ± 2.57 kg (P < 0.001), equivalent to 4.52 ± 2.97% (P < 0.001) (per protocol analysis; Table 3 ). Moreover, 31% of the study population (mITT) and 42% of study completers achieved significant weight loss of more than 5% TBWL within 12 weeks of treatment. TBWL at week 12 was accompanied with improvement of various cardio-metabolic parameters, including reductions in patients' BMI and waist circumference (Tables 3 and 4) . Subgroup analysis was performed on the last four patients who were treated with a slightly larger device prototype. The mean (±SD) %TBWL of the mITT population (LOCF analysis) excluding the last four patients (n = 72) was 3.8 ± 3.1% as opposed to a mean (±SD) %TBWL of 1.4 ± 2.6% that was demonstrated by the last four patients (LOCF analysis). Three out of these four patients completed the full 12 weeks of treatment with mean ± SD %TBWL of 1.0 ± 3.0% as opposed to the 49 completers patients from the mITT that achieved a mean ± SD %TBWL of 4.7 ± 2.9%. Due to the small number of patients treated with the larger device, prototype statistical testing for significant differences between the two groups could not be performed. 
Safety
Epitomee capsules (approximately 10,000 capsules overall) were safely swallowed by all subjects, during 714 treatment weeks. There was no device-related serious AEs. The most common AEs were headache (18.1%), viral infection (11.5%) abdominal discomfort (10.1%), bloating (7.9%), nausea, (5%) constipation (5%) and flatulence (4.3%). Vomiting occurred in one patient. Of the 24 patients who withdrew from the study, only three discontinued treatment due to AEs: two patients from constipation and one from a non-related AE (sudden hearing loss, requiring hospitalization) ( Table 4) . Other reasons for patients' withdrawals included dissatisfaction (four patients), loss to follow up (two patients) and noncompliance with the study protocol (five patients were unable to follow the protocol requirements, and three patients violated the protocol) (Figure 2 ). Endoscopy in 26 enrolled subjects, 12 weeks after repeated device use and 24 h post the last capsule ingestion, revealed complete device evacuation from the stomach of all patients, with no device aggregation and absence of acute mucosal lesions as assessed by an independent safety committee. Mild non-significant and asymptomatic gastric or duodenal erythema without erosions was observed in five patients, without the need for medical intervention.
Discussion
The results of the present study demonstrate the high tolerability and a favourable safety profile of the Epitomee capsules. Furthermore, 42% of patients completing 12 weeks of treatment with the device along with lifestyle intervention had clinically significant weight loss (≥5%).
Multiple studies demonstrated that modest weight losses (5% to 7%) of initial weight are sufficient to Figure 3 Total body weight loss (kg/%) along the study course (intention-to-treat analysis). produce significant clinically relevant improvement in cardiovascular risk factors in patients with overweight and obesity with T2DM (17) (18) (19) (20) (21) (22) . Epitomee capsules like other GI devices are intended to provide an additional option of modest weight loss in patients with overweight and obesity with the potential to improve compliance as compared to pharmacotherapy and without the need for surgery or endoscopic procedure. It is generally accepted in the medical field that the more invasive the treatment is (e.g. bariatric surgery), the greater the efficacy is as a trade-off for safety. The safety profile for intragastric balloons raised significant concerns about whether the modest weight loss efficacy warrants the potential risks associated with their implantation (12) . Although the magnitude of weight loss observed with Epitomee capsules is less than other GI devices, the device favourable safety and tolerability profile may encourage patients to continue treatment over a longer period of time without jeopardizing safety. Thus, Epitomee capsules like Gelesis could play an important role in establishing a new category of modest weight loss long-term treatments that facilitate patients' compliance and safety.
The main limitation of our study is the lack of a control condition where the lifestyle counselling is given with placebo. We acknowledge that we have no observations beyond 12 weeks to compare with other studies of 6-12 months. Furthermore, because the study was not powered to study obesity-related comorbidities, most metabolic parameters were normal at baseline, and participants with diabetes were specifically excluded. Thus, there are very few patients that could be studied for treatment effects regarding improved glycaemic control and lipid profiles in pre-diabetic and hyperlipidaemic patients, as well as the normalization of blood pressure in hypertensive patients.
Conclusion
Although the long-term safety and efficacy of the capsules are not yet established, ED brings a new concept for weight loss with preliminary promising results. With continued research, the Epitomee capsules have considerable potential to become a novel, non-invasive, safe and effective treatment option for weight loss. A large, randomized, placebo-controlled trial evaluating the Epitomee capsules' long-term safety and efficacy is in progress currently. Ultimately, as for other novel therapies, it will be important to couple the adoption of the novel therapy with neuroendocrine evaluation, lifestyle change, high quality diet, increased physical activity and psychological support, in order to ensure sustained treatment success.
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